SUMMARY A clinicoanatomic study of 12 patients with tegmental-type primary pontine hemorrhage proved the presence of a gustatory disturbance among other clinical symptoms on the same side of the tongue as that of the pontine lesion, and suggested the secondary pathway of gustatory sensation from the solitary tract nucleus ascends without decussation in the homolateral pontine tegmentum. These results contradict textbook descriptions regarding the human secondary gustatory pathway.
Stroke, Vol 14, No 4, 1983 IT HAD NOT BEEN SYMPTOMATOLOGICALLY established that primary pontine hemorrhage could produce a gustatory disturbance. But, complaints of taste disorder by one of our tegmental-type primary pontine hemorrhage (T-PPH) patients led us to study the connection between the disturbance and the disease. Anatomic knowledge of the gustatory pathway in the peripheral nervous system (including the solitary tract) in man has been provided by many researchers. [1] [2] [3] [4] [5] [6] [7] That of the secondary pathway in the brainstem, however, remains at a rudimentary stage. Spontaneous destructions of various nervous pathways by diseases occasionally provide an opportunity to verify or even to deny anatomic data collected in animals by the experimental method.
This paper reports the results of a clinical gustatory examination conducted using a new method in longsurvival patients with T-PPH which is considered to be a rather rare and mild type compared to the other, tegmentobasilar, type, 8 and the results of an anatomic study on localization of pontine lesions in autopsy cases with T-PPH. Moreover, a precise investigation concerning numbers of fibers of the solitary tract and neuronal changes of the attendant nucleus was conducted in some of the autopsy cases.
Methods
Out of 12 cases collected for this study (table 1) , three clinical long-survival patients (6y6mo; 4y8mo; 2y8mo) with T-PPH were clinically examined for the clarification of the presence of gustatory disturbance. For this purpose, a new gustometry 9 was adopted: namely a qualitative and semiquantitative test using small filter-paper discs (5 mm in diameter) impregnated just before the test with diluted solutions (five gradations) of the four cardinal taste substances: sugar, salt, tartaric acid and quinine hydrochloride (table 2) . Points of gustatory stimulation are shown in figure 1.
For the morphologic study, nine autopsy cases of tegmental type primary pontine hemorrhage were used. The brainstems and cerebelli of the cases were carefully examined macroscopically, and microscopically after making histologic sections at various levels to determine the location of the hemorrhagic lesions and ascertain which tracts or nuclei were involved. The methods adopted for the histologic investigation are the same as in our previous report. 8 Four autopsy cases with different survival periods after the onset were selected for precise neuroanatomic investigations. The numbers of nerve fibers in the solitary tract at the upper level of the medula oblongata were counted under microscopic observation of transverse slices (30 fim thick) stained by Kultschitzky's method of myelin staining. The total area of each solitary tract was measured through a microscope using an optical electronic planimeter (Digiplan, Kontron Co.) in combination with a microscopic projecting apparatus (Olympus Co.) and a diode flashing tracer. A desk-top computer (type 2200, Wang Co.) was also used for calculation of total number of nerve fibers from the data obtained through systemic sampling of five (dorsal, ventral, medial, lateral and central) areas of the solitary tract on each side of the medulla oblongata. Each sampling covered an area of 6.25 X 10" 4 mm 2 . Neuronal changes of the solitary trace nucleus were also observed in sections stained by Kluver-Barrera's method (luxol fast blue and cresyl violet staining).
Results

Gustatory Disturbance
Main clinical manifestations of all the cases are listed in table 1. In this paper, only gustatory disturbances will be mentioned.
Clinical case Patient I had been complaining of gustatory disturbance for more than six years, after recovery from a disturbance of consciousness. She had been noticed to prefer more strongly seasoned food than before the disease, and was thought to have decreased taste, but conventional test for taste could not define her gustatory disturbance accurately probably because of the diffusion of taste substances over the midline of the tongue. The other two patients, however, had not been aware of any taste disorder by the time they underwent taste examination for this study.
Thanks to the new gustometry adopted in this study, they were all ascertained to have gustatory disturbance 
Pontine Lesions
It is not difficult to diagnose a T-PPH with the help of computerized tomography. Out of the seven cases in which CT was performed, six showed a high density area in the one-sided pontine tegmentum, with fourth ventricular ruptures in three of those six. In two of the autopsy cases, an upward extension of the high density area into the mesencephalon was also observed on CT films (A-807, A-1013). But one clinical case (Patient II) which was examined by CT two years after the onset, showed a low density area in the ipsilateral pontine tegmentum.
Autopsy examinations disclosed the exact localization of one-sided pontine tegmental lesions containing the following main structures: reticular formation, central tegmental tract, medial lemniscus, lateral lem- niscus, motor trigeminal nucleus, superior sensory trigeminal nucleus (all observed in all 9 cases), superior vestibular nucleus (in 7 out of 9 cases), superior cerebellar peduncle and nucleus loci coerulei (6/9), abducens nucleus (4/9), trapezoid body and superior central nucleus (3/9), etc. The lesions were without a contralateral extension ( fig. 2 with just a slight extension to the contralateral pontine tegmentum (inner part of the medial lemniscus and medial part of the reticular formation) in two (A-365, A-1098; fig. 3 ).
Neuroanatomic Findings
In the morphological analysis, the numbers of nerve fibers in the solitary tract on both sides of the medulla oblongata were counted and neuronal changes of the solitary tract nucleus were observed.
The results are shown in table 4, where the numbers of fibers are listed together with the ratios to the oppo- site side. As can be seen, a reduction of the numbers of nerve fibers occurs on the same side as that of the pontine lesions.
As far as the neurons of the solitary tract nucleus are concerned, they appeared atrophic on the same side as the pontine lesions in three cases (although only mildly so in A-325). In case A-365, which showed a slight contralateral extension into the opposite tegmentum, the neurons of the solitary tract appeared atrophic on both sides (fig. 4) .
Discussion
Gustatory Disturbance
The reason why gustatory disturbance had so far not been included in the clinical manifestations of primary pontine hemorrhage can be explained by the fact that most primary pontine hemorrhage cases become fatal shortly after the onset, even in mild cases like tegmental type hemorrhage, with a longer survival period, a patient is seldom conscious of taste disorder by himself, unless the gustatory disturbance extends over both sides of the tongue.
Secondary Gustatory Pathway in Man
It had been considered for many years that relay neurons from the solitary tract nucleus crossed the midline and turned upward into the pontine tegmentum to form the gustatory lemniscus, 10 -12~" although some researchers preferred to say that they were not certain of that. "~1 3 If this description which appeared in almost all human neuroanatomy textbooks' 2 ' 15 is true, a onesided pontine tegmental lesion should logically cause a gustatory disturbance on the opposite side of the tongue. This, however, was not the case in our study: Three patients showed gustatory disturbances on the same side of the tongue as that of the pontine tegmental lesions. In four autopsy cases precise morphological analyses showed a reduction of the number of nerve fibers in the solitary tract compared to the other side and neuronal changes in the solitary tract nucleus, on the same side as that of the pontine lesions. In this study, no comparison was made with the number of nerve fibers of normal aging controls because as far as we know such data are not available. Our aim was only to compare the diseased side with the opposite side.
The next question that flashed through our minds was where the secondary gustatory pathway was located in the human pontine tegmentum. In order to find an answer to that question, we carefully examined A-365 in which solitary tract nuclei appeared atrophic on both sides. In this case, the hemorrhagic lesion extended to the medial parts of the medial lemniscus and reticular formation on both sides at the level of the upper two thirds of the pons. All we can say then, is that the human secondary gustatory pathway ascends homolaterally either through the medial part of the medial lemniscus or through the medial part of the reticular formation. In animals, it has been found through experimental works that the secondary gustatory pathway ascends contralaterally through the medial part of the medial lemniscus, 10 which has been called the gustatory lemniscus. 12 Recently, the idea of the presence of a relay nucleus, termed pontine parabrachial nucleus or pontine taste area (PTA), has been introduced after experimental works by some researchers, l6~20 one of whom gives the following description: 17 (The central gustatory pathway of the albino rat has been traced using a combined electrophysiological-neuroanatomical technique. Fibers do not cross as expected into the medial lemniscus, but instead travel rostrally to terminate ipsilaterally in a small-celled area (PTA) adjacent the superior cerebellar peduncle as it enters the pons. Lesions of PTA result in degeneration of a bilateral ascending pathway travelling in the dorsomedial tegmentum to terminate in the classical gustatory nuclei of the thalamus.)
The existence of a relay nucleus, however, could not be proved in this study because of direct destruction next to, or affecting, the superior cerebellar peduncle.
tests of different aspects of platelet reactions, 2) to study the time course of platelet function in acute stroke patients by frequent serial testing, 3) to examine the relationship between platelet function and various types of ischemic CVD as well as clinical severity, and 4) to estimate the efficacy of an antiplatelet agent, aspirin in modifying various platelet function tests.
Materials and Methods Patients and Controls Studied
Tests were performed in patients with TIA, RIND, cerebral infarct, and cerebral embolism originated from RVHD. , and percentage of large platelets (megathrombocytes). Serial testing was carried out in acute stroke patients. The effect of aspirin therapy was also evaluated. A clear difference in results was observed between patients with cardiogenic embolism and those with other forms of CVD. In patients with TIA, RIND, and cerebral infarct, platelet aggregation, both induced and spontaneous, was enhanced along with elevation of plasma VIIDvWF and PAEF, and increased percentage of megathrombocytes. In patients with cardiogenic embolism, however, these studies were negative except for percent megathrombocytes. This value was increased in the embolic patients with RVHD in comparison with non-embolic patients with RVHD. Increase in platelet aggregation to ADP and percent megathrombocytes developed slowly over a week following stroke. Induced and spontaneous platelet aggregation, and percent megathrombocytes could be normalized with 600 mg aspirin p.o. These studies suggest that a systemic increase of hyperaggregable platelets and of plasma activators of platelet function exists in thrombotic CVD and may be related to its pathogenesis, while local hemodynamic factors may be more important in the thrombogenesis of cardiogenic embolism.
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